.-Leakage of various cellular components into the surrounding menstruum occurred when Vibrio marinus was subjected to temperatures above 20 C (organism's maximal growth temperature). These materials, listed in decreasing rates of leakage, were identified as protein, deoxyribonucleic acid, ribonucleic acid, and amino acids. The amount of polar amino acids increased as the time and temperature of heat treatment were increased, whereas the nonpolar amino acids decreased. The ribonucleic acid in the supernatant fluid resulting from heat treatment was both polymeric and nonpolymeric. Leakage of cellular components may be one of the reasons that V. marinus MP-1 loses viability when exposed to temperatures above its maximal temperature for growth.
The existence of various thermal classes of bacteria has been recognized for many years, but the greatest attention has been directed toward determining differences between mesophiles and thermophiles. Research on the basic nature of psychrophiles has not been extensive, because it was thought that sufficient cell yields would require long incubation periods. Psychrophilic bacteria that met the textbook definition of psychrophiles were not isolated and taxonomically described (3, 8) until recently, when Kates and Hagen (13) , Morita and Haight (17) , and Evision and Rose (6) described obligate psychrophiles. Vibrio marinus MP-1 meets the classical definition as well as the definition of an obligate psychrophile proposed by Stokes (23) . This organism has an optimal growth temperature of 15 C and a maximal growth temperature slightly below 20 C (17) , and has been taxonomically described (2) .
There are a variety of reasons why organisms die at temperatures above their maximal growth temperature, but most of the research has been done with mesophiles. These explanations include the disruption of intracellular organization (11) , accelerated use of the intracellular amino acid pool (8) , changes in extent of cellular lipid saturation (13) (5) , inactivation of an enzymeforming system(s) (18, 25) , and the loss of permeability control (16) , as well as thermally induced leakage of ribonucleotides, ammonia, ninhydrin-positive material, potassium, and phosphate (23) . Robison (2, 17) , with an optimal growth temperature of 15 C, was used in this study. Cultures were grown at 15 C with continuous aeration for 24 hr in SDB medium composed of polypeptone (Difco), 5 .0 g; yeast extract (Difco), 3.0 g; Rila Marine Mix, a synthetic seawater salt mixture (Rila Products Co., Teaneck, N.J.), 6.0 g; sodium chloride, 21 .0 g; glucose, 1.0 g; succinic acid, 0.3 g; and 1,000 ml of distilled water. The pH was adjusted to 7.3 with sodium hydroxide. Agar (Difco), 15 .0 g, and 0.5 ml of Tween-80 were added to the broth constituents to prepare SDB agar. Stock cultures were maintained either in broth or on SDB agar slopes.
THERMALLY INDUCED LEAKAGE IN VIBRIO MARINUS
Thermal effects on viability. Quantitative studies on thermally induced death were carried out on cells grown in SDB broth from a 1% inoculum. Incubation was at 15 C for 24 hr with shaking in an incubatorshaker (New Brunswick Scientific Co., New Brunswick, N.J.). After growth, the culture was aseptically divided into two equal portions. Both were aseptically centrifuged (at 10,400 X g for 15 min) in a Sorvall RC-2 centrifuge at 0 C. The centrifuged cells were aseptically suspended, each to its original volume; one (without nutrients) in sterile Rila seawater (RSW) containing 27 g per liter of Rila salts, the other (with nutrients) in sterile SDB broth. Each of these preparations was aseptically divided into two equal portions. One set (with and without nutrients) was incubated at 31 C; the other set was incubated at 25 C. At timed intervals, portions were removed, diluted, and spread on SDB agar plates for colony development. The plates were incubated at 15 C for 72 hr before colony counts were made.
Characterization The RNA released from heat-shocked cells was characterized by two methods, Sephadex chromatography and trichloroacetic acid fractionation. For this study, the cells were heat-shocked at 25 C for 60 min.
Under these conditions, RNA appeared in the supernatant fluid with very little interfering protein or DNA.
Sephadex column chromatography was carried out with a column gravity packed with Sephadex G-25 fine-bead gel to bed dimensions of 2.54 by 32.7 cm; distilled deionized water was used as the solvent and eluent. Dextran 2000 (Pharmacia Fine Chemical Inc., New Market, N.J.) was used to determine the void volume. The flow rate was 100 ml/hr with a hydrostatic head of 2.54 cm. The 254-mju absorbance peaks were continuously monitored during column elution with an ultraviolet monitor (ISCO, Lincoln, Neb.).
Trichloroacetic acid fractionation, with the use of hot and cold trichloroacetic acid was carried out according to the method of Duncan and Campbell (3) and Schneider (20) . Equal volumes of cold 10% trichloroacetic acid were added to portions of heat-shocked supernatant fluid to precipitate the polymeric materials without degradation. The precipitates were centrifuged, washed, resuspended in cold trichloroacetic acid, and stemdt r for 30 min to solubilize polymeric RNA. Supernatarit fluids from heat-shocked cells were compared with supernatant fluids from cells treated previously in a Raytheon 10-kc sonic oscillator.
REsuLrs
Nutrient availability affected the number of viable cells obtained after heat-shocking V. marinus (Fig. 1) . If organic nutrient materials were present during heating at 25 C, the cells remained viable, whereas, if nutrients were absent, viability was lost. At 31 C, viability was rapidly lost even in the presence of nutrients. 
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HEAT SHOCK TIME (MIN) 22.3 C (Fig. 3) , these substances did not appear in the supernatant fluid until the cells had been heated for at least 45 min. The 60-min points in Fig. 3 (Fig. 4) . The 60-min points in Fig. 4 represent 7,300 ,ug of RNA, 29.5 mg of protein, 352 Aig of DNA, and 69 j,moles of amino acid. In this case, leakage appeared after only 15 min of heating.
The total amount of amino acids released from cells incubated at 15, 24.0, and 31. 6 C was determined ( Fig. 5) . At 15 C, the amino acids were released slowly, whereas at 24.1 C rapid leakage started at 15 min. Heating at 31.6 C caused the immediate leakage of amino acids, but the leakage rate was drastically decreased after 30 min.
The individual amino acid make-up of three samples, taken at the times denoted by the arrows on Fig. 5 , was determined. The results are shown in Table 1 . Note that thequantitiesof basic, acidic, and polar amino acids all increased as the time and temperature of heat shock increased, whereas the levels of nonpolar amino acids decreased with increased temperature and time of heat shock. In this method of analysis, the proline peak was obscured by the very high level of glutamic acid.
The RNA released by heat-shocking for 60 min at 25 C was examined by Sephadex chromatography and trichloroacetic acid fractionation. Figure 6 shows the elution patterns obtained from Sephadex columns when elution was monitored continuously at 254 m,u. Salmon sperm DNA was totally excluded, as expected, whereas yeast RNA contained a small fraction which was not excluded. The supernatant material from cells treated by sonic oscillation contained both excludable and Table 2 shows the distribution of orcinolreacting material in the supernatant fluid treated at 25 C for 60 min and in the supernant fluid prepared from sonic-oscillated cells. Cold trichloroacetic acid precipitated the polymeric materials without degradation, whereas hot trichloroacetic acid degraded polymeric nucleic acids sufficiently to render them soluble. The data obtained with this technique indicated that in the supematant material from cells treated by sonic oscillation the majority of the orcinol-reacting material was found in the cold trichloroacetic acid-precipitable material (therefore polymeric), whereas in the supernatant fluid subjected to 25 C for 60 min the reverse was true.
DIscussIoN
The data presented indicate that cells of V. marinus MP-1 were severely damaged by heating at relatively low temperatures in the absence of organic nutrients, as indicated by viability loss and by the release of soluble cellular components. The exact relationship between leakage, lysis (total cell dissolution), and viability loss was not Analysis of amino acid preparations derived from the cells by heat-shock showed that the nonpolar amino acids were relased more readily at lower temperatures than at higher ones, whereas for all other groups the opposite was true. If hydrophobic lipid was not released from the cells by heat-shocking, the cell residues would have become more hydrophobic as the hydrophilic materials moved into the supernatant fluid. This change in hydrophilic-hydrophobic balance could have affected the amino acid distribution found; i.e., the nonpolar amino acids would have been attracted to the hydrophobic environment and the hydrophilic materials, to the aqueous environment. Silberman and Gaby (21) demonstrated that the lipids of Pseudomonas aeruginosa concentrate and bind nonpolar amino acids in the intact cells, but lose this ability when the cells are heatkilled. The amino acid composition of the supernatant fluid at each time-temperature condition, as well as the lipid distribution in the residue and the heat-shock supernatant fluids, should be determined before any definite conclusions can be drawn.
Both polymeric and nonpolymeric RNA were present in supernatant material resulting from sonic oscillation and in heat-shock (25 C, 60 min) supernatant fluids. A large fraction of the RNA from the supernatant fluid was of high molecular weight, but a significant quantity of RNA of low molecular weight was also noted. These studies do not show whether degradation occurred during or prior to heating or whether the low molecular weight RNA was part of the nucleotide pool of the cell. It is possible that heating induced degradation of RNA inside the cell, which preceded leakage, or that the RNA was hydrolyzed enzymatically after leaving the cell.
The protein released after heat-shock appears to be intact protein and not polypeptide material. The protein was trichloroacetic acid-insoluble, contained malic dehydrogenase as well as glucose-6-phosphate activity (Langridge, Haight, and Morita, unpublished data), and reached a maximal concentration when the temperature of heatshocking was high. Extended heating at 29.7 C appeared to cause a loss of soluble protein in the supernatant fluid between 45 and 60 min, perhaps due to denaturation.
The data presented clearly demonstrate that leakage of cellular components can be caused by subjecting cells to temperatures above that for maximal growth. Since death in any organism is a 
